Abstract: This study aimed to measure the active mandibular range of motion (ROM) (mouth opening: MO; right and left lateral movements: RL and LL; protrusion: P) in Brazilian children of both genders and of various ages, weights, and heights, and to establish correlations among such variables. Study subjects (n = 303) were healthy boys and girls, with ages ranging between 6 and 14 years, who were regular students of a public school in the state of São Paulo. Analysis of variance and intra-class correlation coefficients were considered significant for p < 0.05. Weak significant correlations were observed between mandibular ROM and age, height, and weight. No statistically significant differences (p > 0.05) were observed regarding mandibular ROM between gender groups. Mean mandibular ROM values showed significant increases (p < 0.05) in relation to age, height, and weight, except for RL (p > 0.05), in the studied age range. Significantly smaller (p < 0.05) mean mandibular ROM values were observed for the intervals of 6 and 7 years of age, 1.15-1.35 m, and 17.30-26.50 kg, in relation to the other ranges. Nonetheless, no differences were observed among mean mandibular ROM values in the ranges 8 to 12-14 years, 1.36-1.75 m, and 47-85 kg. Thus, it is suggested that weight, height, and age variables be considered when obtaining mandibular ROM values, particularly in children aged 6 to 7 years, measuring 1.15-1.35 m, and weighing between 17.3-46.5 kg.
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Introduction
Temporomandibular joint (TMJ) range of motion (ROM) assessment is a simple and objective method used to perform a functional evaluation of the masticatory system. 1, 2 Reduced or excessive mandibular mobility may be one of the signs of temporomandibular disorder (TMD), which may also be associated with traumas, neuromuscular disorders, odontogenic infections, and development abnormality. [3] [4] [5] [6] [7] [8] [9] [10] Thus, mandibular ROM measurement becomes a useful parameter in diagnosis and treatment planning, and is therefore recommended in clinical exams of patients with TMD signs and symptoms. 4, 11 Mandibular ROM values are influenced by numerous factors, including joint and muscle structure conditions, ethnicity, age, weight, gender, and height. 1, 4, 7, [12] [13] [14] [15] Hence, it is essential to establish a population's mandibular ROM in order to obtain appropriate and reliable diagnosis regarding movement limitation. 4 Agerberg 16 (1974) proposed cuttoff values of 40 mm for mouth opening, and 5 mm for protrusive and lateral horizontal movements. The author also suggested using different limits of mouth opening for men, women, and children (42 mm, 38 mm, and 35 mm, respectively). 16 10 (1992) , in Greek children aged 6 to 10 years. They found that the mouth opening range increased with age. However, no significant correlation was confirmed between range and the child's gender, the opposite of that stated for adults. 7, 16, 19 The data presented above demonstrates the importance of mandibular movement measurement in the evaluation of the functional status of the masticatory system and associated structures. Factors which may influence mandibular ROM values must be taken into consideration, such as age, gender, and height of the individual. Nevertheless, no studies that evaluate such correlations in Brazilian children were found. Thus, the objective of this research was to study mandibular ROM values in Brazilian children (boys and girls) of various ages, weights, and heights, and establish correlations among these variables and mandibular ROM values.
Material and Methods
The subjects of this study are 303 children (1.37 0.11 m; 33.7 10.9 kg) from a public school in the city of Ribeirão Preto, São Paulo State, Brazil. The children were 6 to 14 years old, of which 161 were girls (9.0 1.6 years) and 142 were boys (8.8 1.6 years).
Inclusion criteria were: no history of trauma on the face, having all incisors, being able to understand and perform mandibular movements as instructed, and having good health. Children were excluded from the study if they were in orthodontic treatment, if they had any pain or restriction in mandible movement, and any systemic disease, such as juvenile rheumatoid arthritis. This study was approved by the Research Ethics Committee, School of Medicine of Ribeirão Preto, University of São Paulo.
Weights and heights were obtained using an anthropometric scale (Filizola , São Paulo, SP, Brazil), with precision of 100 g. Measurements of maximum active mandibular ROM were made by the same trained rater, using a calibrated boley gauge (Mitutoyo , Suzano, SP, Brazil). Mouth opening (MO), right (RL) and left (LL) lateral movements, and pro-trusion (P) were recorded in millimeters (mm), in 3 consecutive repetitions, at random, and following the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD). 19 Mean mandibular ROM values were analyzed according to age, height, and weight ranges, which were arbitrarily determined for statistical ends. Hence, the sample was divided into 7 age groups with a one year variation (6, 7, 8 . Children who were 12, 13, and 14 years old were put in the same group due to the small number of participants in this age range (n = 9, n = 2, and n = 1, respectively). Analysis of variance (ANOVA) (p < 0.05) was used to evaluate the differences among the 3 repeated measures of mandibular ROM values in the different age, weight, gender, and height groups. Differences in gender groups were compared using Student's t-test for independent samples (p < 0.05).
Mandibular ROM values were correlated with weight, height, and age data using Pearson's Correlation test (p < 0.05), or Pearson's r. Correlation levels were classified as poor for r < 0.3, weak for 0.3 < r < 0.5, moderate for 0.6 < r < 0.8, and excellent for r < 0.8. 20 
Results
Weak statistically significant correlations (0.3 < r < 0.5) were found between the variables age, height, and weight, and all the evaluated ROM (Table 1) .
No differences were found in terms of gender and mandibular ROM values in the evaluated children. They were, therefore, placed in the same group. As for age range and mean MO values, no significant differences were found between ages 6 and 7. Nonetheless, there was a significant difference (p < 0.05) in relation to the other ages, with a significant increase (p < 0.05) at 8 years and maintenance of the mean MO values in subsequent ages. No differences were observed among the ages considered in the present study and mean RL values. The same was observed for mean LL values, which varied slightly, except between ages 7 and 10, which presented statistically significant values (p < 0.05). As for mean P values, a significant increase (p < 0.05) was observed for the mean values in 10 and 12-14 year-old children when compared to ROM values of 7 yearolds (Table 2) .
In regard to the height range and mean MO values, the latter showed a significant increase (p < 0.05) with height, except for the ranges 1.36-1.45 m and 1.56-1.75 m. Similar results were found for mean values of RL and P. As for mean LL values, there was a significant increase in relation to the increase in height ranges, with non-significant increases (p > 0.05) only for heights within the range 1.46 to 1.55 m ( Table 3) .
Analysis of mean mandibular ROM values in relation to weight showed a significant increase in MO values (p < 0.05) for weights within the range 17.30 to 46.50 kg, which remained unchanged in the following weight ranges. The same behavior was observed for mean RL, LL, and P values (Table 4). 
Discussion
The objective of this research was to study mandibular ROM values in Brazilian children, boys and girls, of various ages, weights, and heights, and establish correlations between these variables and mandibular ROM values.
No statistically significant differences were observed regarding the mandibular ROM of the gender groups. The present study's findings agree with those of Rothenberg 9 (1991), Vanderas 10 (1992) , and Agerberg 17 (1974) , who also did not find any differences between ROM values in relation to children's gender. Hence, it is suggested that the influence that gender has on ROM in adults is not observed in children, perhaps due to the fact that they do not have the sexual maturity of adults.
Mean maximum mandibular ROM values, taking into consideration all the children evaluated in this 10, 17, 21, 22 In the present study, weak and positive statistically significant correlations were observed between the variables age, height, and weight, and all the evaluated ROM. A significant increase in mean MO values was found for ages 6 and 7 in relation to the other ranges, which remained unchanged in subsequent age ranges. A significant increase was also observed in mean MO values for the weight range from 17.30 to 46.50 kg, which remained constant in subsequent weight ranges. As for height, an increase was observed for each range. Thus, the present study's results suggest that small height ranges, of approximately 10 cm, can be considered as a better predictor of MO normality values. As for age and weight, however, results suggest that due to the small variation in mean MO values, some of the ranges considered in the present study may be grouped together. Therefore, although children aged less than 6 years were not evaluated, the present study suggests that single groups may be considered with ages up to 7 years, from 8 to 14 years, and weighting 47.0 kg or more. Future studies should be performed to confirm this suggestion. Thus, considering the correlation observed in the present study and the significant increase in the mandibular ROM mean values among the age, height and weight ranges, it is suggested that, for the determination of normality values specifically for clinical practice, such variables should be considered. To that end, the present study contributes with preliminary data.
Conclusion
The present research studied mandibular ROM in Brazilian children (boys and girls) with ages between 6 and 14 years. The findings suggest there is a weak correlation between the variables age, weight, and height and the degree of mandibular ROM, with significant differences between the obtained mean values. Thus, it is suggested that weight, height, and age variables be considered when obtaining mandibular ROM values, particularly in children aged 6 to 7 years, measuring 1.15-1.35 m, and weighing between 17.3-46.5 kg. Moreover, there is a need for further studies to evaluate the influence of facial morphology on mandibular ROM in Brazilian children.
